Introduction: The hypothesis of this study was that patient selection for midshaft clavicle fracture (open reduction internal fixation with plate versus conservative) would give better functional outcome than random treatment allocation. Methods: We performed a systematic literature search for primary studies providing functional score and non-union rate after conservative or surgical management of midshaft clavicle fractures. Six randomized controlled trial and 19 nonrandomized controlled trial studies encompassing a total of 1348 patients were included. Results: Patients treated with surgical management were found to have statistically superior Constant scores in nonrandomized controlled trials than in randomized controlled trials (94.76 AE 6.4 versus 92.49 AE 6.2; p < 0.0001). For conservative treatment, randomized controlled trials were found to have significantly better functional outcome. The prevalence of non-union (6.1%) did not show significant statistical difference between non-randomized controlled trial and randomized controlled trial studies. The functional outcome after surgical management was significantly higher than after conservative management in both randomized controlled trial and non-randomized controlled trial groups. The non-union rate after surgery (1.1% for both non-randomized controlled trial and randomized controlled trial) was significantly lower than following conservative treatment (9.9% non-randomized controlled trial versus 15.1% randomized controlled trial). Discussion: This review shows that patient selection for surgery may influence functional outcome after midshaft clavicle fracture. Our results also confirm that plate fixation provides better functional outcome and lower non-union rate.
Introduction
Literature orientates that randomized controlled trials (RCTs) have many advantages in treatment evaluation and are considered to be gold standard in most medical fields. This claim is based on the fact that the ideal RCT is a deductive method: if the assumptions of the test are met, a positive result implies the appropriate causal conclusion. This is a feature that RCTs share with a variety of other methods and thus gives them equal claim to being a gold standard. 1 It has long been the principal method to determine efficacy and effectiveness for many interventions. It must be noted that there is no consensus on how one should apply RCT results to clinical practice. This notion is particularly important in orthopaedic surgery.
In fact, within orthopaedic surgery, the patient plays a central role in the treatment outcome. For pathologies or injuries with relative surgical indication (such as a clavicle or proximal humerus fracture) or when the literature does not provide a clear answer, surgeons like to select patients who may benefit from surgery (for example, young active patients) and prefer not to operate on others (for example, low demand or noncompliant patients). 2 Regarding midshaft clavicle fracture, multiple meta-analysis studies or review articles comparing open reduction internal fixation (ORIF) with plate and conservative treatment (sling immobilization) have been published over the last decade. 3, 4 On one end, the general consensus is that surgery lowers the non-union rate in these settings, 5, 6 but on the other end, there is no conclusive answer regarding functional outcome.
Most of these review studies focus on RCT results (considered as gold standard) and, to our knowledge, there is no study comparing the functional outcome between RCT and non-randomized control trials (NRCT) for midshaft clavicle fracture in the literature.
In this study, we tested the hypothesis that, for fractures with a relative surgical indication, patient selection (NRCT) will give a better functional outcome than random treatment allocation (RCT). We chose to verify this hypothesis on patients with midshaft clavicle fracture treated either with ORIF (plate) or conservatively (sling). We performed a literature review comparing RCT and NRCT results. The primary outcome was to compare RCTs and NRCTs regarding functional scores (Constant Shoulder score (CS) and/or DASH score), and the secondary outcome was to compare them regarding the non-union rate.
Methods

Literature search
We performed a systematic search in three bibliographic databases (Embase.com, PubMed and Cochrane Central). Searches in Embase, PubMed and Cochrane Central were conducted on 7 March 2017. We used the PRISMA flow diagram to report the systematic review process 7 ( Figure 1 ). The principal keywords used in these databases were clavicle fracture, conservative and surgical treatment, Constant and DASH scores. The complete description of the search strategy is available in the supplementary information (see Electronic Supplementary Material).
Inclusion and exclusion criteria
We included primary studies published in English after 1 January 2010 only. Article dates were limited to publications from 2010 onwards due to treatment options and strategies for midshaft clavicle fractures having evolved considerably over the last decade, especially after new precontoured implant releases. 8 The review included RCT and NRCT studies comparing ORIF with plate fixation and conservative management for clavicle fractures whilst providing functional scores. To evaluate the functional outcome (primary outcome), we included studies reporting CS score and/or DASH score (quantitative measurements) only. We chose these scores as they are the most widely used shoulder scores for functional outcome description in the current literature. Subsequently, secondary outcome was the non-union rate (nominal measurement). Studies describing nail fixation outcomes and case reports were excluded (n ¼ 827 patients).
Data extraction
All data were extracted (independently) by two authors according to the inclusion criteria listed above.
Population
A total of 25 studies with 1348 patients met the inclusion criteria. Characteristics of the included studies such as first author, year of publication, design, number of patients, treatment, sex ratio, age, followup and functional outcomes are summarized in Table 1 .
The six RCT studies include 545 patients, with 275 (50.5%) patients having had surgery and 270 treated conservatively (49.5%). Constant score after treatment of clavicle fracture was reported in five RCT studies, whereas DASH score was provided in four RCTs. Nonunion rate was reported in all RCT studies.
In comparison, within the 19 NRCT studies, 803 patients were observed. Five hundred and one patients underwent surgery (62.4%) and 302 patients were treated conservatively (37.6%). Seventeen NRCT studies (89.5%) reported CS score and 10 (52.6%) reported DASH scores. The non-union rate was documented in 13 NRCT studies (68.4%).
Statistical analysis
To evaluate the effects of the type of trial (randomized versus non-randomized), we compared (i) the mean of the CS score (ii) the mean of the DASH score (iii) and the prevalence of non-unions between RCT and NRCT groups. As for each study, only the summary data (primarily mean and standard deviation) are available, we performed specific analysis of variance (ANOVA) with these data sets. 32 ANOVA from summary data were performed with CS and DASH data for operative and non-operative management. Non-union data was analysed using logistic regression with study identification as a random-effects variable. Means and odds-ratios were computed with standard deviation and 95% confidence intervals. Statistical analysis was conducted using SAS Version 9.2.
Results
Mean age was 35.6 AE 2.4 years for RCT and 35.3 AE 3.9 years for NRCT. Mean follow-up was slightly shorter for RCT (12 months) compared to NRCT (15.4 AE 11 months, p < 0.001). The functional scores are displayed in Figure 2 .
CS score
The review of CS scores encompassed 1193 patients ( Figure 2 ). For operative treatment (n ¼ 735), the CS score was significantly higher in NRCT than in RCT studies (94.76 AE 6.4 versus 92.49 AE 6.2; p < 0.0001). For patients who underwent conservative treatment (n ¼ 458), the CS score was significantly lower in NRCT than in RCT studies (87.35 AE 7.6 versus 89.21 AE 5.5 p < 0.005).
DASH score
The review of DASH scores included 743 patients (Figure 2 ). In the operative treatment group (n ¼ 415), DASH score did not differ between NRCT (5.87 AE 8.6) and RCT studies (4.88 AE 7.8; p ¼ 0.24). However, for 
Non-union rate
The review of non-union rates includes 1120 patients (545 in RCTs and 575 in NRCTs). The global nonunion rate was 6.1% (8 non-unions after surgery and (Figure 3 ).
Discussion
As Cochrane stated: 'The randomised controlled trial is a very beautiful technique, of wide applicability, but as with everything else there are snags'. 33 Those making decisions on the basis of clinical trials need to be cautious of small trials (even when they are properly randomised) and systematic reviews of small trials both because of chance effects and the risk of biased reporting. 34 Our study aimed to compare performances in terms of functional outcome between random treatment allocation (as found in RCT studies) and non-random treatment allocation (patient selection as in NRCT studies) after midshaft clavicle fracture. The hypothesis was that, when a fracture has a relative surgical indication, the patient has a stronger role to play regarding the functional outcome after surgery and thus, good candidates for surgical management selection might have a positive influence on the outcome.
Our systematic review tends to confirm the hypothesis for surgical treatment. In fact, patients treated with plate fixation were found to have statistically superior CS scores in NRCTs than in RCTs amongst 735 patients. The difference was not significant with the DASH score (415 patients). In contrast, patient selection seems to have less influence on the outcome after conservative management with significantly lower CS scores in NRCT than in RCT studies. The same tendency was found for DASH scores, with better results after conservative management in RCT group than in NRCT. This last result is difficult to interpret because of the strong heterogeneity between studies reporting DASH scores. Patient selection did not influence the non union rate neither.
Many articles comparing operative versus nonoperative approaches for midshaft clavicle fractures have been published. Van Der Ven et al. 29 compared patient-oriented and surgeon-based outcomes after non-operative vs. operative treatment of displaced midshaft clavicle fractures. They found significantly superior outcome scores at six weeks in the operative group. However, at 24 weeks and 5-year follow-up, no difference was seen in functional outcome scores for both treatment groups. 29 A 2013 Cochrane review concluded that limited evidence were available from RCTs on the relative effectiveness of surgical versus conservative treatment for acute middle-third clavicle fracture. 35 Even if many studies have shown the potential benefits of surgical management regarding early functional outcome and non-union, there is no consensus among orthopaedic surgeons regarding treatment of these fractures and as mentioned previously, surgeons prefer to select patients who may benefit from surgery and manage others conservatively. In their review article, Van Der Meijden et al. 36 stated that the management had to be individualized to patient and recommended acute intervention for active patient with fracture displacement greater than 100% or shortening greater than 1.5 to 2 cm. Interestingly, the 2 cm shortening rule is mainly based on a retrospective study (52 patients) that found an association between shortening and both nonunion and unsatisfactory results. 5 In our study population including 1348 patients, the functional outcome (CS and DASH scores) after surgery was significantly superior in both RCT and NRCT groups. In addition to this, the non-union rate was significantly lower after surgery in both groups. These findings are similar to many published studies. A recently published RCT, The Clavicle Trial, confirmed the risk of non-union with non-operative treatment which led to a significantly higher non-union rate (11% compared with <1%). 37 In contrast, the nine months' functional outcome was not statistically different between the two groups.
Brin et al. 38 used a questionnaire to assess the attitudes of orthopaedic surgeons regarding treatment of displaced midshaft clavicle fractures. Among the 177 orthopaedic surgeons who completed the questionnaire, 49% preferred operative management for a displaced middle-third clavicular fracture. Amongst the orthopaedic trauma specialists, 58% suggested operative treatment, as did 82% of shoulder specialists. Recently, a Swedish national register-based study looking at clavicle fractures from 2001 to 2012 39 confirmed that surgeons are operating more frequently on clavicle fractures than in the past. In fact, they found a large difference between the increase in the rate of surgically treated clavicle fractures (705%) and the increase in actual fracture incidence (67%). These studies confirm the role of the surgeon in treatment choice and show that the literature does not yet provide clear guidelines, leaving some controversy regarding the indications for surgical treatment of clavicle fractures.
The limitations of our review article consist of the differences found within the follow-up duration between RCT and NRCT. In fact, some improvement in functional scores might be expected even after 12 months. In addition to this, there is of course heterogeneity between studies, and this heterogeneity is particularly strong for conservative management evaluated by DASH scores.
The strength of our study is the great number of patients that were included thanks to a systematic literature research using the PRISMA process.
Conclusion
This review confirms that patient selection for surgery of clavicle fractures may have a positive influence on functional outcomes. This effect was not found in the conservative treatment group.
When studying orthopaedic literature, one should be careful when analysing RCT results, especially those evaluating a surgical procedure with relative indication. RCT inclusion criteria might sometimes fail to integrate subtle patient details that could influence the outcome. NRCTs may provide results which are more representative of day to day practice because surgeons like to individualize the management to the patient. This tendency has to be further evaluated for other fracture types with relative indications.
Our results confirm the superiority of surgical treatment for displaced clavicle fractures in terms of functional outcome and fracture healing, and this benefit is not dependent on the study design (RCT or NRCT).
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